Various natural materials, namely ilmenite, diopside, tourmaline, olivine, garnet, and basalt, were plasma-sprayed and analyzed. This paper summarizes the various achievements of our earlier research and adds new results-mainly dielectric and optical characterizations. Plasma spraying of all of the materials was rather easy with a high feed-rate plasma system, which could process many kilograms of powder per hour. For easier characterizations, the coatings were detached from substrates in order to remain self-supporting. The plasma-sprayed layers that were coated from all studied materials acted as medium-permittivity and low-loss dielectrics, antireflective optical materials, and medium quality anti-abrasive barriers. Phase composition and microhardness were evaluated in addition to microstructure observations. Some coatings were amorphous and crystallized after further heating. As the melting points were well above 1000 • C, all of them could also serve as thermal barriers for aluminum alloys and similar metals. The only material that was not easily sprayed was tourmaline, which gave very porous coatings without environmental barrier or dielectric characteristics.
Introduction
A variety of mineral and rock materials based on natural ores have been sprayed at the Institute of Plasma Physics in recent years by two similar plasma spraying techniques: water-stabilized plasma (WSP) and hybrid water-argon-stabilized plasma (WSPH) spraying. Both techniques can process a large quantity of material in a short timeframe compared to the majority of commercial torches used for plasma spraying. Natural materials offer comparable properties to synthetic ceramics or glass-ceramics in many aspects, or their "quality versus price" ratio is even better in selected cases. The Czech Republic has a rich tradition of making jewelry. Mining as well as processing of minerals for this purpose creates a substantial quantity of mineral powders, which are usually treated as waste. There are economic and environmental challenges related to reprocessing this waste and incorporating it into real components in industrial systems. Plasma spraying offers one of the useful paths for this revitalization process. The presented paper introduces and compares several mineral systems in the form of as-sprayed coatings and self-supporting bodies. In the following description of the individual minerals, we avoided their chemical use as photocatalysts (ilmenite) or chemical catalysts (ilmenite, diopside). This is because we targeted the spray process to achieve the best accessible mechanical properties and coating compactness, whereas chemical utilization is typically associated formula is A 3 B 2 (SiO 4 ) 3 . A is in the formula for divalent elements such as iron, magnesium, calcium, and manganese, while B is for a trivalent metal such as aluminum, chromium, or iron. The main difference in physical properties among the members of the garnet group arises from variation in their density connected to the ratio of their components. Almandine Fe 3 Al 2 (SiO 4 ) 3 ("oriental garnet" in the gems field) and pyrope Mg 3 Al 2 (SiO 4 ) 3 ("bohemian garnet") were sprayed by our group. The representatives of garnet in this paper are almandine-based.
Tourmaline (schorl) has a general chemical formula of NaFe 3 Al 6 (BO 3 ) 3 Si 6 O 18 (OH,F) 4 . This material melts incongruently at temperatures varying roughly from 1050 to 1200 • C [26] , whereas the melting point decreases with increasing content of iron or magnesium. Tourmaline's density is 2.8 to 3.3 g.cm −3 (similar to diopside), dependent on actual iron-richness. An approximately 170 nm thick tourmaline film was deposited on glass by an ion-beam [27] , however, nothing similar has been reported using plasma. Processing of material that melts incongruently (in the case of tourmaline, it is mainly because of the OH group in its structure) is a challenge for plasma spraying techniques. This is because for the spraying is typical a rapid quenching process, whereas the mentioned tourmaline features make them hypothetically suitable only for steady-state processes with slow, homogeneous heating and cooling.
Natural volcanic basalt rock powders can be used for glass-ceramic coatings without any nucleation agent (used for glass-ceramic production from glass frits), and the process would be substantially less expensive than glass-ceramics produced from pure oxides. Basalt contains SiO 2 , Al 2 O 3 , MgO, CaO, and iron oxides (FeO, Fe 2 O 3 ), and also Na 2 O, K 2 O, P 2 O 5 , MnO, and TiO 2 in small amounts [28, 29] . Basalt as a surface protection for metals can be used wherever the transport of materials causes mechanical abrasion or chemical attack, as well as for mineral wool for heat, noise, and fire insulation [30] .
We would like to summarize the results of these six natural materials to provide a reference for technologists' thinking about replacement of synthetic silicate ceramics with less expensive alternatives.
Materials and Methods

Sample Preparation
Stainless steel coupons were used as substrates for the formation of self-standing parts (SSP). The steel was grit-blasted using compressed air just before spraying. The substrates (300 • C) were preheated to provide better conditions for the coating crystallization, since this prolongs quenching. Coarse-grained natural ilmenite was crushed and sieved to obtain the feedstock powder for spraying (grain size 63-125 µm). The powder included a certain amount of impurities because of its natural character (0.5 wt.% CaO, 0.05 wt.% NiO). The powder was fed by compressed air through two injector tubes. In the spray process, the cooling setup consisted of a tube for a compressed air flow installed on the same robotic arm as the torch and repeating the torch movement pattern behind the plasma jet. During the spray process, the substrate was fixed (without any motion). The deposited coating thickness was about 3 mm and the layer was later removed from the substrate by thermal cycling at approximately −170/+100 • C. Details of (in principle very similar) spraying of other materials were reported in previous papers [31] [32] [33] . Morphologies of all feedstocks were similar to "fused and crushed" synthetic powders (not "agglomerated and sintered" powders). They were "fused" by nature and crushed during mining and post-processing. A comprehensive list of major spray parameters is provided in Table 1 . The WSP technique involves plasma spraying with a water-stabilized "WSP" torch based on a liquid vortex in the plasma-forming channel instead of gas, which is used in common plasma torches. This instrument has high plasma enthalpy and high electrical power, and can be used in a high feed-rate spraying system for refractory materials. Because of the rather low mass flow rate of plasma composed purely of water, Ar gas is added in the stabilization channel, and this modification is called the "WSPH" technique. The velocity and temperature of particles in the plasma jet are enhanced by this setup. However, the plasma-forming medium is more expensive. 
Characterization
Phase Composition
Powder samples of the feedstock powder and sprayed coatings were analyzed by X-ray diffraction technique (D8 Discover, Bruker, Germany). Topas software was used for the quantitative Rietveld analysis. The crystallinity computation was based on integral intensities of crystalline phases and the amorphous halo only, since the amorphous material was assumed to be of the same chemical composition as the crystalline phase.
Thermal Analyses
The differential thermal analysis (DTA) curves were obtained by simultaneous thermal analyses (Thermogravimetry/DTA; Bähr, Selb, Germany) in argon atmosphere (flow rate 5 l/h) with a heating rate of 10 K/min. Before the measurement, powder samples for DTA were obtained by manual grinding the spray deposits after cutting the self-standing coatings. The measurements were performed with maximum temperature set to 1400 • C. The crystallization process usually manifested itself on the DTA curve as a strong sharp peak, and on the dilatometric curve as intensive shrinkage.
The thermal tests also included thermal expansion coefficient (TEC) measurements of samples, which were 12 to 13 mm long. The thermal dilatations were recorded at a 5 • C/min rate up to 1350 • C on a Setsys 16/18 vertical contact dilatometer (Setaram, France). The thermal expansion coefficients were calculated up to the crystallization or transformation temperature for each material.
Microstructure
Selection of samples for microstructure study was done carefully to represent central parts of the planar coating far enough from edges. Polished cross-sections were prepared from as-deposited samples. Cutting was done using a diamond blade, subsequently the sections were mounted in a resin, and polishing was carried out using the Tegramin-25 automatic system (Struers, Denmark).
Porosity, Microhardness, and Roughness
Porosity was analyzed using the image analysis (IA) software (Lucia G, Laboratory Imaging, Czech Republic) on polished cross-sections. Micrographs were collected by an optical microscope (Zeiss, Germany) equipped with a digital camera. Porosity level was determined from images by differences in intensity of the reflected light (i.e., grey levels). Ten images of microstructures collected from various areas of the cross-section for each sample were analyzed. Besides porosity percentage, other features of the coatings were examined as well, including the number of voids per unit area (NV) of the section and the equivalent diameter (ED) of voids, which represents their size distribution. Circularity varied between 1 (i.e., a circle, which represents a globular pore) and 0 (i.e., a line, representing a flat pore or a crack). The resolution of the light microscope is already Coatings 2020, 10, 3 5 of 16 sufficient to provide quantification of the interlamellar pores, but not the ultra-fine vertical cracks, which are also often present in plasma-sprayed coatings [34] .
Density was examined by helium pycnometry (AccuPyc 1330 V3.03), as well as by Archimedean (i.e., water immersion) techniques. A high-accuracy analytical balance TE214S machine (Sartorius, NY, USA) was used to weigh samples.
Vickers microhardness values of the coatings were measured on polished sections using a Hanemann head equipped with a Vickers indenter and installed on an optical microscope (Zeiss, Germany). A testing load of 1 N was applied over 15 s. The mean value of microhardness was calculated as an average from 20 indentations.
Surface roughness was monitored by a contact method using the Surtronic 3P (Taylor-Hobson, UK) apparatus on a path 13 mm long, repeated 5 times on parallel tracks. The R a parameter was collected to characterize coating materials.
Wear Resistance
The wear behavior of the coatings was examined by testing their slurry abrasion response (SAR) with respect to the ASTM standard [35] . The SAR test is based on recording the mass loss rate of a standard-shaped block while is it immersed in a slurry and shifted about 30 cm there and back. The slurry consisted of equal amounts of water and Al 2 O 3 powder, whereas powder with size between 40 and 50 µm size was used. The whole test was run for more than 9 kilometers in 4 equal increments (runs) with an applied force of 22 N per specimen. After each run, the specimens were ultrasonically cleaned and weighed. The standard [35] prescription to use 4 identical samples of each material was fulfilled. The results are expressed as inverse wear rate (IWR), which represents the length of path necessary to wear out one cubic millimeter of the material. The higher the IWR, the better the wear resistance is.
Dielectric Measurements
Aluminum metal was sputtered in a reduced pressure chamber onto both sides of each sample to serve as thin film electrodes. A three-electrode arrangement was used to measure the dielectric parameters. The electric field was applied parallel to the spray direction (i.e., perpendicular to the substrate surface).
Capacitance was recorded at room temperature in the frequency range from 100 Hz to 100 kHz using a programmable impedance analyzer model 4284A (Agilent, USA) at 1 V AC voltage. Relative permittivity ε r was calculated from measured capacity C P and known specimen dimensions. Simultaneously, the loss tangent was measured using the same arrangement and equipment.
Electric resistance was measured at room temperature with a special resistivity adapter Keithley 6105. The DC electric field was applied from a regulated high-voltage source and the values recorded by a multi-purpose electrometer (617C, Keithley Instruments, USA). The magnitude of the applied voltage was 100 ± 0.05 V. Volume resistivity was calculated from the measured resistance and known specimen dimensions.
Reflectance
Diffuse reflectance spectrometry provides an excellent alternative to transmission spectrometry for measuring samples that are not suitable for the preparation of a transparent disc. The most significant assumption is the isotropic scattering within the sample. Reflectance measurement was done using an ultraviolet/visible/near-infrared (UV/Vis/NIR) spectrophotometer (3100 Version, Shimadzu, Kyoto, Japan). The calibration was performed using a BaSO 4 reference mirror. The wavelength of incident radiation was continuously varied in the range of 400 to 800 nm, whereas the diameter of the measured area was about 2 cm 2 .
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Results and Discussion
Microstructure and Porosity
Micrographs of the cross-sections are shown in Figure 1 . Spray setup optimization was done as described in pervious papers [31] [32] [33] . Spraying of individual particles was done for optimization. Two spraying methods are commonly used: (i) Spraying onto glass and then observing individual droplet shapes as they flatten. If they are very irregular and not flat, then melting is incorrect and feeding distance, torch power, powder feed rate, or a combination of these factors were set incorrectly. (ii) Spraying in a container with a cold liquid to "freeze" the individual droplets and collect them. If they are not spherical, then melting is incorrect and the feeding tube radial position, torch power, powder feed rate, or a combination of these factors were set incorrectly. The full complexity of such elaborations is outside the scope of this paper.
Porosity appears as black areas in the micrographs. In addition to pores, a lot of cracks are vertically aligned, and also branch-like cracks are visible. According to the micrographs, the coatings can be roughly sorted into three groups. In the first group, ilmenite and olivine exhibit the typical lamellar microstructure of plasma-sprayed ceramics. Short and longer vertical cracks are numerous, along with pores with a globular character. Diopside and tourmaline exhibit more large pores, some of which are nearly 100 µm in diameter. Fine vertical cracks seem to absent. Garnet and basalt show very good interlamellar contact, with only few pores that are rather small and not interconnected. The differences appear mainly because of the different melt viscosities of each material. For example, the viscosity of molten basalt is reported to be exceptionally high [36] . Various porosity aspects are summarized in Table 2 .
Plasma-sprayed almandine garnet in some cases reached an exceptionally low porosity of 2%, while that of basalt was around 3%. The main reason behind these low values of porosity is the amorphous character of the coatings. In addition, most of the pores are closed spheres, where gas was probably entrapped (bubbles), and they are not interconnected-especially in basalt.
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Results and Discussion
Microstructure and Porosity
Ilmenite Olivine Plasma-sprayed almandine garnet in some cases reached an exceptionally low porosity of 2%, while that of basalt was around 3%. The main reason behind these low values of porosity is the amorphous character of the coatings. In addition, most of the pores are closed spheres, where gas was probably entrapped (bubbles), and they are not interconnected-especially in basalt.
Phase Composition
X-ray diffraction (XRD) results are summarized in Table 3 . It is interesting to note that basically two types amorphousness character emerged: one with amorphous "halos" [37] , and the other one without any distinguishable intensity maxima [29] , as seen for almandine garnet and basalt. No intensity maxima were found in the coatings, where the cooling rate was lower. In several samples, lower concentrations of silicon and alkali elements were found after spraying compared to the 
X-ray diffraction (XRD) results are summarized in Table 3 . It is interesting to note that basically two types amorphousness character emerged: one with amorphous "halos" [37] , and the other one without any distinguishable intensity maxima [29] , as seen for almandine garnet and basalt. No intensity maxima were found in the coatings, where the cooling rate was lower. In several samples, lower concentrations of silicon and alkali elements were found after spraying compared to the feedstock powder. The XRD results indicated an ilmenite FeTiO 3 phase in the coating only ( Figure 2 ). Among all coatings, only this one was fully crystalline immediately after spraying. The lattice parameters were a = 0.50766(4) nm and c = 1.39786(13) nm. Olivine was partly amorphous after spraying (Figure 3 ). 
Mechanical Properties
Microhardness, wear resistance (IWR), and surface roughness are listed in Table 4 . The following relations are described first for tourmaline, which is exceptional among the samples. It represents a "lower quality coating" than the majority of the tested materials. The IWR of tourmaline was the worst, Coatings 2020, 10, 3 9 of 16 because of the excessively high porosity and evidently poor cohesion (observed while sectioning and grinding) of this coating. However, it was relatively hard and locally tough (most probably due to the isolated "islands" of rutile TiO 2 ), and its microhardness was comparable with ilmenite and diopside, and higher than that of basalt. The circularity of voids in tourmaline was the lowest. In combination with its high number of voids per square millimeter means that cracks and large elongated pores (both strongly deteriorating the mechanical behavior) were numerous. This is because the cracks have low circularity. Large pores also have low circularity if are they elongated. Fine pores, near the resolution limit of this technique, are less suitable for expression of the circularity parameter, because few pixels represent the object. One pixel is a "circle" and two pixels are a "line" (i.e., markedly bigger objects can only be truly represented by such a parameter).
For ilmenite, which was never published among our materials, the porosity is low and the number of voids per square unit is high. This means that the pores are small and frequent. The equivalent diameter was, in accordance with this assumption, smaller than for tourmaline. The wear resistance of ilmenite was the highest of all samples, owing to its low-porosity microstructure.
Basalt had similar microhardness as the plasma-sprayed basalt reported elsewhere [28] , with a value of about 6.7 GPa.
Concerning the surface roughness, there were serious differences between the materials. Ilmenite looked smooth and "metal-like", and its roughness was under 10 µm. Diopside was more than five times coarser. First of all, the feedstock powder size was 100-180 µm for diopside and 63-125 µm for ilmenite, which was the reason for this difference. Ilmenite, the higher melting point material, had a powder size that was too fine for it to be molten completely.
The wear resistance of ilmenite ( Figure 4 ) represents the dependence of the volume losses on the distance passed in the slurry. It exhibits nearly linear curve (typical for all studied materials). This is a sign of a uniform coating character within the entire thickness. The wear resistance, expressed as inverse wear rate (IWR), determined by the slurry test, was relatively higher for olivine than the other sprayed coatings made from natural powders: ilmenite = 46.1 m/mm 3 , diopside = 35.6 m/mm 3 [31] , basalt = 42 m/mm 3 , garnet = 45 m/mm 3 , tourmaline = 15 m/mm 3 , and olivine = 62.8 m/mm 3 [32] . This could be because of the rather high hardness of sprayed olivine (Vickers microhardness HVm = 8.39 ± 1.11 GPa). Differences in the densities are the result of the crystalline-to-amorphous transformation during spraying. Amorphous materials are, in principle, less dense than their polycrystalline counterparts. On the other hand, they are typically harder. With this in mind, the amorphous materials after spraying of crystalline powder (diopside) were rather hard ( Table 4 ), but not particularly wear-resistant. Basalt feedstock is amorphous, and therefore its density and the density of the coatings were practically the same. Its rather low microhardness and high wear resistance are associated with this attribute. The diopside surface after the SAR test is displayed in Figure 5 . The movement direction during the test is aligned vertically in the figure. Open pores and bubbles can be seen (circular, seen near the scale bar), as well as coarse and deep removals of the material. The small, flat areas are rather smooth, with fine pits only (i.e., small dots; several of them can be seen above the scale bar). In contrast, ilmenite shows a more dross-like deformed surface, representing crushing of individual lamellas. Diopside had higher microhardness but lower wear resistance. The damage of diopside is more "brittle" and that of ilmenite is more "ductile". A smaller flattening ratio of splats in olivine coatings leads to higher occurrence of intersplat decohesion [38] , whereas the presence of intrasplat cracks was rare. 
Diopside Ilmenite
Dielectric Properties
Ilmenite, garnet, olivine, and diopside were measured, whereas basalt was conductive, "similar to metal". For such a material, expression of permittivity and losses would be physically incorrect. Tourmaline was too porous and fragile for correct sputtering of electrodes or application of the contact force by the fixture ("clamping") in the dielectric measurement.
The relative permittivity of the studied materials depends slightly on frequency ( Figure 6 ), as expected based on the theory [39] . Garnet and diopside have permittivity similar to plasma-sprayed or sintered aluminum oxide-a typical "medium permittivity" material. Olivine, and particularly ilmenite, have higher relative permittivity. However, for ilmenite, the high permittivity is associated with high loss factor at low frequencies. This is because of space charge polarization of Fe-containing species. Surprisingly, diopside has even higher losses at low frequencies. Structural inhomogeneity, represented by rather large pores (see Table 2 ), is responsible for this. However, at frequencies above 15 kHz, all materials exhibit a loss factor (Figure 7 ) of approximately 0.02, which The diopside surface after the SAR test is displayed in Figure 5 . The movement direction during the test is aligned vertically in the figure. Open pores and bubbles can be seen (circular, seen near the scale bar), as well as coarse and deep removals of the material. The small, flat areas are rather smooth, with fine pits only (i.e., small dots; several of them can be seen above the scale bar). In contrast, ilmenite shows a more dross-like deformed surface, representing crushing of individual lamellas. Diopside had higher microhardness but lower wear resistance. The damage of diopside is more "brittle" and that of ilmenite is more "ductile". A smaller flattening ratio of splats in olivine coatings leads to higher occurrence of intersplat decohesion [38] , whereas the presence of intrasplat cracks was rare. The diopside surface after the SAR test is displayed in Figure 5 . The movement direction during the test is aligned vertically in the figure. Open pores and bubbles can be seen (circular, seen near the scale bar), as well as coarse and deep removals of the material. The small, flat areas are rather smooth, with fine pits only (i.e., small dots; several of them can be seen above the scale bar). In contrast, ilmenite shows a more dross-like deformed surface, representing crushing of individual lamellas. Diopside had higher microhardness but lower wear resistance. The damage of diopside is more "brittle" and that of ilmenite is more "ductile". A smaller flattening ratio of splats in olivine coatings leads to higher occurrence of intersplat decohesion [38] , whereas the presence of intrasplat cracks was rare. 
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The relative permittivity of the studied materials depends slightly on frequency ( Figure 6 ), as expected based on the theory [39] . Garnet and diopside have permittivity similar to plasma-sprayed or sintered aluminum oxide-a typical "medium permittivity" material. Olivine, and particularly ilmenite, have higher relative permittivity. However, for ilmenite, the high permittivity is associated with high loss factor at low frequencies. This is because of space charge polarization of Fe-containing species. Surprisingly, diopside has even higher losses at low frequencies. Structural inhomogeneity, represented by rather large pores (see Table 2 ), is responsible for this. However, at frequencies above 15 kHz, all materials exhibit a loss factor (Figure 7 ) of approximately 0.02, which 
The relative permittivity of the studied materials depends slightly on frequency ( Figure 6 ), as expected based on the theory [39] . Garnet and diopside have permittivity similar to plasma-sprayed or sintered aluminum oxide-a typical "medium permittivity" material. Olivine, and particularly ilmenite, have higher relative permittivity. However, for ilmenite, the high permittivity is associated with high loss factor at low frequencies. This is because of space charge polarization of Fe-containing species. Surprisingly, diopside has even higher losses at low frequencies. Structural inhomogeneity, represented by rather large pores (see Table 2 ), is responsible for this. However, at frequencies above 15 kHz, all materials exhibit a loss factor (Figure 7 ) of approximately 0.02, which is an acceptably low value when compared with plasma-sprayed synthetic silicates [40] . Also, the resistivity ( Table 5 ) in order of magnitude of 10 9 Ωm or higher is fully comparable with the synthetic silicates [40] .
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The concentrations of electrons and electron defects in ilmenite are much larger than those of the ionic defects [41] . In this case, the disorder of electrons is not influenced by small deviations from ideal stoichiometry.
Thermal Properties
The thermal characteristics of the powders and coatings are displayed in Table 6 . The thermal expansion coefficients (TEC) of ilmenite and olivine are ten times larger than the TEC of tourmaline (however, for tourmaline is it determined only at room temperature). All partially amorphous coatings crystallize or react during the first heating. In case of tourmaline, this is a reaction to the OH groups' release and disproportionation of NaO groups. For diopside, the reason is the separation of CaO. The glass transition (T g ) and crystallization (T p ) temperatures of plasma-sprayed basalt were found by other authors to lie near 806 • C and 820 • C, respectively [28] . Table 6 .
Main results of thermal measurements. Note: TEC = thermal expansion coefficient measurements.
Material
DTA Dilatometry
Olivine Olivine partly crystallized above 890 • C to enstatite. Ilmenite did not show any phase transformation. Since it is crystalline in the as-sprayed form, this is the most thermally stable substance among the studied materials. The fully amorphous diopside coating crystallized above 800 • C (Figure 8 ) to diopside. Tourmaline's partly crystalline coating crystallized above 890 • C to tourmaline (with traces of rutile TiO 2 ). Garnet's partly crystalline coating crystallized above 800 • C to almandine (with traces of quartz SiO 2 ). Basalt's fully amorphous coating crystallized above 700 • C to almandine (with traces of magnetite Fe 3 O 4 and quartz SiO 2 ; other components were not identified).
substance among the studied materials. The fully amorphous diopside coating crystallized above 800 °C (Figure 8 ) to diopside. Tourmaline's partly crystalline coating crystallized above 890 °C to tourmaline (with traces of rutile TiO2). Garnet's partly crystalline coating crystallized above 800 °C to almandine (with traces of quartz SiO2). Basalt's fully amorphous coating crystallized above 700 °C to almandine (with traces of magnetite Fe3O4 and quartz SiO2; other components were not identified). 
Optical Properties
All studied coatings, with the exception of ilmenite, are very antireflective materials (Figure 9 ). This corresponds with the fact that all of them are black or dark grey in visible light. Ilmenite exhibits a luster typical of "metal-like" substances, probably because of the Fe species. Synthetic ilmenite (a product of the company Aldrich) exhibited reflectivity equal to only 7% of the BaSO 4 standard in the range of 300 to 800 nm [9] . Materials exhibiting such low and wavelength-stable reflectivity are "large bandgap materials", and optical measurements are not suitable tools for bandgap estimation. Forsterite (olivine) was mentioned as a "wide-gap insulator" [1] , and this is fully in accordance with its low reflectivity (Figure 9 ). 
All studied coatings, with the exception of ilmenite, are very antireflective materials (Figure 9 ). This corresponds with the fact that all of them are black or dark grey in visible light. Ilmenite exhibits a luster typical of "metal-like" substances, probably because of the Fe species. Synthetic ilmenite (a product of the company Aldrich) exhibited reflectivity equal to only 7% of the BaSO4 standard in the range of 300 to 800 nm [9] . Materials exhibiting such low and wavelength-stable reflectivity are "large bandgap materials", and optical measurements are not suitable tools for bandgap estimation. Forsterite (olivine) was mentioned as a "wide-gap insulator" [1] , and this is fully in accordance with its low reflectivity (Figure 9 ). 
Conclusions
Various natural materials, namely ilmenite, diopside, tourmaline, olivine, garnet, and basalt, were plasma-sprayed and analyzed. According to the microstructure, the coatings can be roughly organized into three groups. Ilmenite and olivine exhibited lamellar characters, as is typical for plasma-sprayed ceramics. Diopside and tourmaline exhibited more numerous large pores, some of which were nearly 100 µm in diameter. Fine vertical cracks seemed to absent. Garnet and basalt showed very good interlamellar contact, with only few pores that were not interconnected. Ilmenite was fully crystalline after spraying, while other materials were partly amorphous; basalt was fully amorphous. Porosity content was the lowest for garnet (3%) and the highest for tourmaline (16%). The microhardness was comparable with synthetic silicates, while wear resistance was better than for glass. Dielectric properties were partly instable at low frequencies, but at 100 kHz and above the 
Various natural materials, namely ilmenite, diopside, tourmaline, olivine, garnet, and basalt, were plasma-sprayed and analyzed. According to the microstructure, the coatings can be roughly organized into three groups. Ilmenite and olivine exhibited lamellar characters, as is typical for plasma-sprayed ceramics. Diopside and tourmaline exhibited more numerous large pores, some of which were nearly 100 µm in diameter. Fine vertical cracks seemed to absent. Garnet and basalt showed very good interlamellar contact, with only few pores that were not interconnected. Ilmenite was fully crystalline after spraying, while other materials were partly amorphous; basalt was fully amorphous. Porosity content was the lowest for garnet (3%) and the highest for tourmaline (16%). The microhardness was comparable with synthetic silicates, while wear resistance was better than for glass. Dielectric properties were partly instable at low frequencies, but at 100 kHz and above the loss factor was low at about 0.02, which is very good considering the limited purity of the natural materials. The described materials, particularly olivine and garnet, could replace synthetic silicates in some applications, for example replacing cordierite or steatite, which have similar dielectric properties (in sprayed as well as bulk forms [40] ), but whose processing from raw form into adequate quality chemicals is more expensive. Spraying of olivine was successfully tested by a variety of plasma torches [32, 42] .
Tourmaline exhibited low thermal expansion of only 1 × 10 −6 per kelvin, while olivine showed a value more than 10 times higher, and other materials were in between. The coatings could serve as barriers (environmental or thermal) up to 800 • C or slightly more (except basalt, which could only go up to 700 • C), without causing unwanted reactions or pronounced shrinkage. Several of them could form capacitor design systems together with metals. All coatings, with the exception of ilmenite, were strongly antireflective in visible and near-infrared ranges. 
